Abstract. A digestibility and balance trial was performed with three growing pigs to evaluate the nutritive value and protein utilization of a carboxymethyl cellulose (CMC) whey product used to replace 50 % or 100 % of the dried skim supplement in a barley-based diet. The effect of CMC whey on clinicalchemical blood parameters was also investigated. The CMC whey protein contained 39.6 % crude protein and 36.0 % true protein in DM. The proportion of CMC in the product was 18.3 % of DM. CMC whey had high contents of lysine, cystine, methionine and threonine: 10.3, 2.9, 2.1 and 5.6 g/16 g N, respectively. NFE digestibility was lower on the CMC whey diet than on the skim milk diet (P < 0.05). Faecal excretion of CMC averaged 59.0 %. Protein utilization was effective on the CMC whey diet: 69.9 % of absorbed N was retained. Judging from the blood analyses, the CMC whey product did not have any detrimental effect on the metabolism or health of the pigs. The CMC whey product is well suited as a protein supplement in pig feeding because of its high contents of essential amino acids.
Introduction
Whey is widely used as a feedstuff for pigs having a high energy content and being useful as a protein source in cereal diets. Moreover, due to the growth of the cheese industry, increasing amounts of whey are becoming available for feed purposes. Liquid whey deteriorates rapidly and high transport costs restrict its use, but drying of whey is becomig too expensive. Further, large whey supplements, over 30-40 % of the energy intake for growing pigs, cause slow growth and digestional disturbances due to the high lactose and mineral content of whey (BARBER et al. 1978 , MITCHELL 1978 , ALAVIUHKOLA et al. 1979 .
Whey proteins are digested well by pigs and owing to its suitable amino acid composition whey is a valuable protein supplement in cereal-based diets (DIGGS et al. 1965 , HANKAHAN 1971 . As the protein content of whey is low (13 % of DM) compared to its energy value, concentration of the protein content makes whey more suitable as a protein supplement and allows a decrease in the lactose intake.
Carboxymethyl cellulose (CMC) is as cellulose hydrocolloid (cellulose ether) produced from wood cellulose in reaction with sodium hydroxide and monochloroacetic acid. CMC produces complexes with proteins within the pH limits of 3.0 and 3.5 (HIDALGO and HANSEN 1971 The daily rations in the different periods were 1.8, 2.2 and 2.4 kg. They were given as liquid feed and the pigs were fed twice daily. Water was given after feeding and the remains of the feed were collected and subtracted from the feeds.
The faeces and urine were collected twice daily, and representative samples were stored frozen until analysed. The details of the procedure are described by NÄSI (1982) .
Blood samples were taken from the anterior vena cava before feeding on the two days following each collection period. The treatment of the samples and the methods used were the same as described by NÄSI and TANHUAN-PÄÄ (1981 (ZIEGELMAYER et al. 1951 , ANON 1963 . In pigs and rabbits the activity of microorganisms in the large intestine is high and it is possible that some bacterial strains can hydrolyse CMC. This, together with decomposition cellulose, will give lower recoveries of CMC in the faeces. The energy value of the CMC whey product is about 15 % lower than that of skim milk, due to the indigestibility of CMC. The protein value is about the same, but can vary with the manufacturing procedure.
The apparent digestibility of the protein in the CMC whey product was on average 0.5 % (CP) and 0.9 % (TP) lower than the value for skim milk (P>0.05). The nitrogen balance was, however, higher on the CMC whey diet and the ratio of retained to absorbed nitrogen was fairly high, 69.9 %, exceeding the value for the skim milk diet by 3.8 % (P>0.05). The biological value was also 3.7 % higher than for skim milk (Table 3 ). The pigs on the CMC whey diet had an average lysine intake of 18.8 g/d; the pigs on the skim milk diet 16.1 g/d. The corresponding values for threonine were 12.8 and 11.7 g/d. On barley-based diets supplementation of lysine and threonine is of great importance, improving the utilization of the protein in the diet. The data on the composition of the blood in pigs fed on the CMC whey product or skim milk are presented in Table 4 . The differences between the pigs on the various diets are very small and none was statistically significant (P>0.05). The values correspond fairly closely to those obtained in other experiments (NÄSI et al. 1978, NÄSI and TANHUANPÄÄ 1981) and all lie within the normal range (SCHMIDT 1979) . Blood urea was a little lower on the CMC whey diet, which EGGUM (1970) considers to be a sign of improved protein utilization. The plasma Mg content can also be seen to be lower, which is in line with lower Mg content in CMC whey.
When used instead of skim milk to supplement a barley-based diet for pigs, the CMC whey product gave as good or slightly better values for protein retention and utilization. Judging from the blood analysis, CMC did not have any harmful effects on the metabolism or health of the pigs. These findings indicate that the CMC whey product is very suitable as a protein supplement for pigs. Due to its low pH 3.2 the product can also be stored for two-three weeks without deteriorating. Some technical questions regarding the production of CMC whey remain to be resolved and the economic aspects must also be considered.
